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Abstract 

In this paper, we consider a model of tachyon with a non-minimal coupling to gravity and 
study its cosmological effects. Regarding inflation we will show that for a specific coupling 
of tachyon to gravity this model satisfies observations and solves various problems which 
exist in the single and multi tachyon inflation models. 
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Recently there has been a lot of studies on the tachyon cosmology |T|, ||, ^ ||, |^. 
Regarding inflation the unconventional form of the tachyonic action brings some new fea- 
tures and makes it different from that with a normal scalar field, however as pointed out 
firstly by Kofman and Linde that the tachyonic inflations suffer from serious difficulties. 
Authors of Ref. considered a model of multi tachyonic inflation, which solves some of 
the problems in the single tachyon model. But still for the string scale Mg < H as required 
in these inflation models implies that the size of the de-Sitter horizon be smaller than the 
string length i.e. < h, which makes it invalid to describe the tachyon condensation by 
using an effective field theory 0. 

In all of these studies, the tachyon action is usually the DBI action with the minimal 
coupling between the tachyon and gravity [jl], ^ ||. In this paper, we propose a model of 
tachyon which couples to gravity non-minimally and study its cosmology. We will show that 
for a specific form of non-minimal coupling of the tachyon to gravity this model satisfies 
observations and overcomes all of the problems which exist in the single and multi tachyon 
infiation models. Studies in the bosonic string or for non-BPS brane indicate the possibility 
on the non- minimal couplings between tachyon and gravity . 

The model under consideration is described by an 4D effective action of tachyon non- 
minimally coupled to gravity as follows 

S = i^j d^x^f{T)R + J d^xV^V{T)^l + a'g^^-d^Td^T, (1) 

where = sets the 4D Planck scale and the tachyon potential around T = is given 

by V{T) = Tse"^ . f{T) is a function of tachyon field T, which corresponds to the minimal 
coupling of tachyon to gravity when /(T) = 1. The tension of the non-BPS brane is 

with gs being the string coupling and Ms = l^^ = the fundamental string mass and 
length scales. The Planck mass in this model is given by the dimensional reduction 

- (3) 

where v = (M^r)^, r is the radius of the compactification. The 4D effective theory is 
applicable only ii v ^ 1. 

Following |jTO|, we perform a conformal transformation g^p{x) f{T)g^y{x), and obtain 
that 

(4) 
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in Einstein frame, where V{T) = is the tachyon effective potential in this frame. For 
a spatially homogeneous but time- dependent tachyon field, the Hubble equation is given by 

a'f{T)T^ ^\J) 
and the equation of motion for tachyon is 



l-a'f{T)T^ 2V a7\/' / V ^ f c^'fV 
^y'^( 1 f7-/'2 r — -\ //' 



When /(T) = 1, we have checked that the and (|^) agree with those for a minimally 
coupled tachyon. For f{T) ^ 1, however the potential is rescaled to be V{T), besides there 
are more terms proportional to and {^^^ in (^), which can be neglected consistently 

In the following, we study the inflationary solution of this model. The slow-rolling 
parameters are given by 

e^^i^. (7) 

a' V^f 

r/ = ^J— . (8) 

In the slow-rolling approximation e,r] <^ 1 and 6 <^1, the Hubble equation and the equation 
of motion for the rolling tachyon can be expressed as 



r2 



= (9) 

3Hf + {aVf{T))~^V' = 0. (10) 

To solve Eqs.(9) and (10) we need the specific forms of V{T) and f{T). Assuming 
that inflation starts near the top of the tachyon potential, i.e. around T = 0, we take the 
tachyon potential V{T) = r-^e''^^ which valids around the maximum and has a maximum 
at T = 0. For f{T) we expand it about T = as follows 

f{T) = l + Y.c,T^\ (11) 

i 

where q are coefficients. Thus 

r^'V{T) = ra"^-^ = 1 " (1 + 2c,)T' + (^ + 2c, - 2c, - cl)T' + 0{T% (12) 
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Applying the slow-rolling condition 77 < 1, we obtain 

> ((1 + 2c0 + 0{l)T' + ■■■). (13) 

One can see that when ci 7^ — ^, the result is similar to that for a minimally coupled tachyon. 
For ci = — |, however the leading term proportional to disappears, correspondingly the 
"effective potential" of tachyon Tj^^V{T) becomes flatter. In this case, Eq.(13) becomes 

gs > lO'^vT^. (14) 

We have also checked that when ci = — |, 5 ~ indeed a small parameter. This justifies 
our assumption above of 5 ^ 1 during inflation, so that we can safely drop them off in the 
calculation. 

The amplitude of the gravitational waves produced during inflation is 

n ~ ^ < 3.6 X 10-^ (15) 

Substituting (P) and (H) into (|l^), we have 

c/f < 7 X 10~'^v^. (16) 

Then considering (|l^ and (0), we obtain 

vT^ < 10-^\ (17) 

One can see that for v ^ 1, when T < 10^^, the condition ( p!7D is satisfied, and in the 
meantime, combining (^) and (^), we have H~^T^ < Ig. As is seen in the following, in this 
model, the string length is far less than the cosmological horizon during inflation, which 
means that the main problem |^ troubling the single and multi tachyon inflation models is 
overcome. 

The number of e-folds during inflation is 

r fTend a' fV(T) o 



Teo V'{T) 

In Eq.(18) Tgo is the field value corresponding to A^ ~ 60 as required when the COBE 
scale exits the Hubble radius, and Tend is the field value at which inflation ends, which is 
determined by 77 ~ 1. In our model. 



r6o~o.ir,„rf~-^^/^. (19) 

lU"^ V V 
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Following the definition of the amplitudes of the density perturbation in Ref [|rT|, we have 

Vs ~ . . . (20) 

^a'Vf{T)T 

Thus 

Therefore for Vs ~ 10-^ we find that Qs ~ 10"^^ and M, ~ lO^^Gev, R-^ ~ W^M^^ > 
Is ~ lO^^M"^ during inflation. In this case, the string scale is about Tev. 

Before concluding we should point out that the inflationary solution of Eq. (4) can also 



be solved by firstly expanding y 1 — a' f{T)T'^ in terms of T^, then renormalizing the kinetic 
energy term by a re-definition of the tachyon field. With this approach we obtain the same 
results as those present above. 

In summary, we have considered in this paper a model of tachyon which couples to 
gravity non-minimally and studied its cosmological effects. For a specific coupling of tachyon 
to gravity /(T) = 1 — around T = we have studies the inflationary solution, and 
found that it makes the tachyon potential flatter, an successful inflation is realized. The 
string length in our model is far less than the cosmological horizon during inflation, which 
makes it feasible to describe the tachyon condensation by using an effective field theory, and 
thus the main problem troubling the single and multi tachyon inflation models is overcome. 
Finally, we would like to mention that the usual reheating mechanism is not feasible 
since the tachyon does not oscillate during the decay of non-BPS branes. There are some 



discussions about the tachyon reheating |]T2[. But recently, some studies have pointed out 
that as the tachyon evolves into the late-time, the strength of coupling to the closed string 
increase [|13i . These results motivate us to expect that the tachyon could emit closed string 



radiation |TJ, |T5[, such as graviton and dilaton, into the bulk and eventually settles in the 
finite minimum. 

This work implies that the inflation and cosmological applications of tachyon with non- 
minimal couplings to gravity may have more fruitful phenomena, which is worth studying 
further. 
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